Favre-Racouchot disease (FRD) is a relatively common dermatosis induced by chronic sun exposure. FRD is clinically and histologically characterized by the presence of both comedones and cysts in the context of an elastotic degeneration of the dermis. Those lesions are mainly located in the face, especially in the malar and periorbital areas. Smoking and radiotherapy seem to play a role in the pathogenesis together with UV exposure. The disease affects predominantly the aged population and seems to be a problem of mainly aesthetic concern. No official guidelines are available for the treatment of FRD; most common therapeutic strategies are represented by topical retinoids and laser treatments. The goal of our review was to identify the principal clinical and epidemiological characteristics of FRD and to analyse all the therapeutic strategies available. We also focused our attention on the follow-up of this particular dermatosis. Our aim was therefore to suggest alternative possible strategies for both the treatment and the follow-up of these patients. Our data support the efficacy of carbon dioxide laser and topical retinoids in the setting of FRD, but we also suggest considering alternative treatments, such as plasma exeresis. We also recommend planning both a short-term and a long-term follow-up visit, as the majority of relapses is observed after 10-12 months.
Introduction
Favre-Racouchot disease (FRD), also known as nodular cutaneous elastoidosis with cysts and comedones or solar comedo, is a disorder of cosmetic concern relatively common in middleaged adults. It was first described in 1951 by Favre and Racouchot. 1 Clinically, it is characterized by the presence of multiple open and closed comedones in an actinically damaged skin, with preferential localization to the periorbital and temporal areas (Fig. 1) . The eruption is usually symmetrical and no inflammation is present, unlike acne vulgaris. The diagnosis is generally on a clinical basis. Differential diagnoses include the following: actinic granuloma, chloracne, vellus hair cyst, acne vulgaris, milia, sebaceous hyperplasia, syringoma and trichoepithelioma. 2 Nearly 6% of adults aged above 50 years are affected, with a higher prevalence in white men. 3 Histologically, FRD is characterized by significant actinic elastosis and epidermal atrophy surrounding cystic lesions. Comedones similar to those of acne vulgaris are also seen.
Possible associated conditions include cutis rhomboidalis nuchae, actinic keratosis, trichostasis spinulosa and nonmelanoma skin cancers, which may also appear on actinically damaged skin. 4 Although FRD is a common condition, there are not many treatment options. The aim of our study was to give an overview of FRD, focusing on possible treatment strategies. The terms were adapted for the other databases as appropriate. The searches were performed from database inception. All the major journals were indexed. Only journal articles were taken into consideration, while books and book chapters were excluded. Articles without full text electronically available and/ or English translation were also excluded. The search was restricted to studies on humans. Articles not focusing on FRD were also excluded. The following data were collected: author, year and type of publication, number of patients described, age and sex of the patients, anatomical localization of the disease, laterality (mono-or bilateral disease), UV exposure, smoking habits, previous radiotherapy, ethnicity, jobs or hobbies, comorbidities, local complications, type of diagnosis (histologically proven or clinical), treatment, efficacy of the treatment and follow-up.
Materials and methods
In case of missing information (e.g. sex and smoking habits), only complete data were taken into account for statistical analysis. Student's t-test was applied, and results were considered statistically significant with a P < 0.05.
We also performed a non-comparative meta-analysis, and the heterogeneity between studies was assessed by the chi-squarebased Cochrane's Q statistic test and I 2 metric. 5 Heterogeneity was considered significant at P < 0.01 for the Q statistic (to assess whether observed variance exceeds expected variance). And for the I 2 metric (I 2 = 100% x(Q-df)/Q), the following cutoff points were used: I 2 = 0-25%, no heterogeneity; I 2 = 25-50%, moderate heterogeneity; I 2 = 50-75%, large heterogeneity; 
Results
We identified 194 records through database searching (Fig. 2 ).
Duplicates were removed and 126 records were screened. Sixtyseven records were excluded because no full text in English was available. A book chapter was also excluded. Fifty-eight full-text articles were assessed for eligibility. Twenty-five articles matching our search but not focusing on FRD as a main topic were excluded, most of them being studies or cases regarding predominantly other signs of skin ageing. A total of 33 papers matched our criteria, with only one review, 18 case reports, two letters and 12 journal articles. No systematic review focusing on this topic was present in our search. A total of 201 cases of FRD were described in these works and therefore considered in our review. A summary of patient characteristics is provided in Table 1 .
Only 19 papers described a treatment indicated for FRD patients. Table 2 summarizes therapeutic options found in the literature.
Favre-Racouchot disease is known to involve the elderly population. We observed a mean age of 60.4 years, ranging from 39 to 87 years of age. Our analysis showed a higher prevalence in men (60%); in 90 patients only gender was reported, with a male-to-female ratio of 1.5 : 1. However, this ratio was calculated on 30 of 80 patients. Unfortunately, one of the largest cohort of patients (50 cases) described in the literature did not report data regarding the sex of patients. Men and women did not show significant differences in terms of age at onset (60.4 vs. 60.3 years).
Epidemiology
Major risk factors for FRD seem to be excessive chronic UV exposure, cigarette smoking and radiation therapy. With the exception of two cases, specified to be non-smokers, all other patients, when specified, turned out to be heavy smokers, up to 100 packs-year. 6, 7 Not surprisingly, almost all the patients had chronic UV exposure. Non-UVR-induced FRS was reported in three patients without a significant history of sun exposure and no evidence of actinic epidermal damage or solar elastosis present on histology. 8 Chronic sun damage was found to be mainly linked to occupational exposure: nearly 25% of the cases where the job of the patient was known were farmers or other kinds of outdoor labourers. 9 Unilateral disease was also linked to unilateral occupational sun exposure, such as for taxi or truck drivers. 10, 11 The importance of UV radiation in the pathogenesis of FRD was also confirmed by a work from Hedelund and Wulf, who presented a case with a mild form of FRD spontaneously disappearing during winter without any treatment. 12 The authors also performed a provocation test using both UV-A1 and UV-B irradiation. The test was positive, as UV irradiation (both with UV-A1 and with UV-B) resulted in comedones, with a stronger association between disease severity and UV-B rather than UV-A1 exposure. Radiation therapy has been also described as a possible predisposing factor. 13 In fact, five cases of postradiation FRD are described in the literature. Cysts and comedones developed in the irradiated region, after a variable time following radiotherapy, ranging from 2 weeks 14 up to several years. 15 Even though not necessarily symmetrical, the disease is generally bilateral and occurs in sun-exposed areas. [16] [17] [18] [19] More than 95% of the cases were localized in the face ( Fig. 1 ), 20 and the vast majority of cases were localized in the periorbital and malar regions, which are by definition chronically sun-exposed anatomical sites. 8, 21, 22 However, cases involving the trunk, the forearms or the neck have been described. 12, 23, 24 Fourteen cases of unilateral FRD are described in the literature: they were mainly linked to unilateral occupational UV exposure (e.g. drivers) or to local radiotherapy. 10, 11, 25, 26 Interestingly, FRD was found to be associated with invasive squamous cell carcinoma (SCC) in three cases, two of which had multifocal SCCs arising in the context of FRD plaques.
14,15 Probably, the link between those two disorders may reside in the common pathogenesis. Both FRD and SCC share risk factors as UV exposure and smoking. Moreover, cysts and comedones typical of FRD are often found together with other lesions typical of actinically damaged skin, such as actinic keratosis, thus being often inscribed in the context of a cancerization field. One report describes two cases associated with cutaneous carcinomas, probably being both basocellular carcinomas. 27 A possible association with concomitant granulomatous reactions is also described in the literature. 18 Thirty-two studies on FRD were included in the overall metaanalysis to evaluate local complications; Table 3 shows the studies included. The overall local complication rate for the thirtytwo investigated studies was 10.9% (95% CI = 5.2 -18.5, Fig. 3 ). Figure 3 presents study-specific proportions of local complications with 95% confidence interval for each study and overall pooled estimate with 95% confidence interval. Moderate heterogeneity turned out to be present between the studies, and the test for heterogeneity was statistically significant (I 2 index 40.8%; test for heterogeneity P = 0.009).
Diagnosis
While the diagnosis is generally clinical, the majority of cases described in the literature had a biopsy-proven diagnosis of FRD, probably linked to a publication bias. Histologically, FRD is characterized by the presence of enlarged infundibula with regularly stratified epithelium, surrounded by solar elastosis and atrophic sebaceous glands in a context of severe epidermal atrophy. Plaque-variants of FRD histologically showing pseudocarcinomatous epidermal hyperplasia have been described. 23 Cysts do not contain only keratin as normal epidermoid cysts, but are mainly nodules composed of elastotic material. 19 Some authors hypothesized real cysts not to be a prominent feature of the disease, those described as being comedones seen in histological Nodular elastosis with cysts and comedones sections where the opening to the surface is not visualized. Comedones are very similar to those of acne vulgaris and can show bacterial overgrowth, especially P. acnes. However, usually, no perilesional inflammation is present, unlike in acneic comedones. 21 
Treatment
No standardized procedures both for the treatment and the follow-up of FRD patients can be found in the literature. Important preventive measures include avoidance of sun exposure and smoking discontinuation. Topical retinoids were prescribed in nearly half of the studies and, together with laser treatments, were described as the mainstay of treatment. [28] [29] [30] The choice of the topical retinoid depends mainly on the preferences and expertise of the clinician. Retinoic acid at different concentrations, tazarotene gel, tretinoin and isotretinoin creams has all been used successfully. Topical retinoids are often part of combined strategies. The use of topical retinoids has been reported to have beneficial effects and to assist in the extraction process. 14, 31 However, topical retinoids require repeated applications (once or twice daily for at least 3 months) and are burdened by several Nodular elastosis with cysts and comedones side-effects, such as redness, sensitivity and dry skin. Those side-effects together with the prolonged duration of therapy are responsible for the reduced compliance towards this kind of treatment. 32 The largest study available regarding treatment options for FRD describes the efficacy of superpulsed carbon dioxide laser treatment in a cohort of 50 patients affected by FRD. 33 Laser vaporization of the epidermis was followed by extraction of Table 3 Local complication rate (expressed as percentage), with 95% CI, in the individual studies included in the meta-analysis. The pooled proportion with 95% CI is given both for the fixed-effects model and the random-effects model. The random-effects model will tend to give a more conservative estimate (i.e. with wider confidence interval), but the results from the two models usually agree where there is no heterogeneity cystic and comedonic material using soft pressure with a pair of forceps, with no need of previous topical anaesthetics and with good cosmetic results. However, all other studies of CO 2 -laser treatments for FRD reported the need for local anaesthesia. This difference is probably due either to different standardized protocols of the centres or to different parameter-setting of laser instrumentation. Surgery was used in four cases associated with functional impairment or important increase in size, with good cosmetic results. 34 Comedo extraction using a standard dissecting forceps was also described to be effective. 35 Other possible treatment options include the following: dermoabrasion, curettage and chemical peels, but the cosmetic result is highly variable. 36, 37 In the 19 papers regarding the efficacy of available treatments, follow-up times ranged from 6 weeks up to 3 years. Interestingly, relapses were observed only in patients with follow-ups of 1 year or longer. This could be explained by the recurrence of the disease in case of persistence of the most common predisposing factors, such as smoking or sun exposure.
Eleven studies on FRD were included in the overall meta-analysis to evaluate relapse rates; Table 4 shows the studies included. The overall relapse rate for the eleven investigated studies was 7.1% (95% CI = 1.3 -16.8, Fig. 4) . Figure 4 presents the study-specific proportions of relapses with 95% exact confidence intervals for each study and overall pooled estimate with 95% confidence interval. The results demonstrated moderate heterogeneity between the studies, and the test for heterogeneity was statistically significant (I 2 index 44.5%; test for heterogeneity P = 0.054). Recently, our group proposed plasma exeresis for the treatment of FRD. 38 A single treatment session is generally sufficient in our experience, with no need for local anaesthesia, excellent cosmetic results, no major adverse effects and no relapses in a 10-month follow-up.
Conclusions
Favre-Racouchot disease is probably an underdiagnosed condition and as it is considered a purely cosmetic disorder, not all the patients require a therapy for this disease. This partially explains why no official guidelines for the treatment of FRD are available today. Topical retinoids remain as one of the mainstays of FRD therapy. Topical retinoids have excellent results in monotherapy, particularly in mild and localized forms of FRD. Their efficacy is proven but highly variable because of reduced patient compliance towards this kind of treatment for the local side-effects and prolonged treatment duration, described above. However, they are a very useful complement to other techniques (e.g. chemical peels or simple comedo extraction) in combined strategies.
Carbon dioxide laser treatment has been demonstrated to be effective in the vast majority of cases. The main advantages of this technique, compared to topical retinoids, lie in the higher compliance (generally one session is sufficient) and the absence of chronic side-effects, such as cutaneous xerosis.
Surgical excision should be reserved for cases with functional impairment (especially in the periorbital region) or when the nature of the lesion is bothersome and the presence of a nonmelanoma skin cancer arising in the context of FRD cannot be excluded. Plasma exeresis should also be considered as an alternative strategy for its promising preliminary results. In our experience, plasma exeresis is a very useful technique both for the speed of execution and for the excellent cosmetic results. The key advantages of this technique include the following: lack of absolute contraindications, minimal intraoperative pain without the need of local anaesthesia, quick treatment and fast recovery.
Duration of follow-up should include both a short-term follow-up visit, to monitor efficacy and side-effects of the therapy, and a long-term follow-up visit (approximately at least 10-12 months) to rule out possible relapses and, in this case to re-treat the patient. Figure 4 Proportional meta-analysis of the included studies with relapse proportion (expressed as a percentage). Square represents percentage point estimates and horizontal lines represent 95% CI. Diamonds represent the pooled effects. The location of the diamond represents the estimated effect size, and the width of the diamond reflects the precision of the estimate. Output generated by the MedCalc software. Table 4 Relapse rate (expressed as percentage), with 95% CI, in the individual studies included in the meta-analysis. The pooled proportion with 95% CI is given both for the fixed-effects model and for the random-effects model. The random-effects model will tend to give a more conservative estimate (i.e. with wider confidence interval), but the results from the two models usually agree where there is no heterogeneity 
